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@ A coll coating paint composition. 



@ A coil coating composition consisting essentially of (A) a binder component comprising a mixture of a linear 
polyester resin and a branched polyester resin, having a hydroxy! value of 40 to 90, and (B) a crossiinking 
component selected from melamine resin, at least part of which is metiiyi metiiylolated melamine, or Isocyanate 
compound. Said polyester resins are herein defined. 

The coating composition is useful in a coll coating and results a coating with excellent properties in respect 
of hardness, bending processability, fastness to boiling water, weather resistance, chemical resl^nce, marker 
stain resistance and the like. 
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A coil coating paint composition 

The present invention relates to a coil coating paint composition. More specifically, the invention 
concerns a high solids coating composition for cc^l coating use. capable of forming a coating wi^ excellent 
properties in respect of hardness, bencfing processabilrty. fastness to boiling water, weather resistance, 
chemical resistance, marker stain resistance and tf)e Hke. 

5 As a coating composition to be used in a coil coating of steel plate and the like, various propertias 

including excellent weather resistance* chemical resistance, water resistance, coin scratch resistance, gloss, 
hardness, and bending properties of the coating, as well as the capafaliity of formulating a high solids paint. • 

In such application, a polyester resin is a promising material because of resulting a coating with 
excellent weather resistance, chemical resistance, hardness and the like. However, this material has a 

70 serious drawback of lacking In structural flexibility. As an attempt for giving strechabiiity and flexibility to a 
polyester resin, has been proposed a technique wherein a comparatively long methylene chain is included 
In either of dicarfaoxyKc acio or diol component or in lactone to be reacted with polyester resin, thereby 
introducing the same Into the polyester*s molecular structure. However, baroness and bending properties 
are, in principle, contrary to each other, and an improvement In fJexibiKty is always linked with the deo-ease , 

IS in hardness. Thus, it is quite difficult to attain the well balanced flexibiUty and hardness in a single polyester ( 
resin. 

It has also been proposed to use a mixture of soft polyester and hard polyester as a binder resin 
(Japanese Patent Appfication Kokai No. 111864^, ibid 111865/83). In these attemps, while maintaining 
hardness, water resistance and chemical resistance each in an appropriate level, it was indeed succeeded 
20 in having an improved flexibility, rubber-fike elasticity and the like by the control of methylene chain content 
of the resinous composition, but It was only settled to the mere satisfaction of the desired properties of the 
coating , on soft materials as fender, bumper and the like. The proposed coating compositions were of quite 
.dissatisfaction when used as a coll coating of steel plate especially with respect to^ hardness, bending 
properties and the like. 

25 Recently, a very attractive lacquer type coil coating paint compoation has been proposed in Japanese 
Patent AppOcation Kokai No. 210975/84, in which a linear polyester resin having a number average 
molecular weight of 15.000 to 60,000 and a linear or branched polyester resin having a numt^er average 
molecular weight of 2.000 to 10,000 are mixed in a weight ratio of 80:20 to 20£0 and used as a resinous 
binder. The said composition is said to give a coating with well balanced hardness and bending 

30 processabllity. 

However, since the coating composition does not include any crosslinking agents, the thus formeo 
coaHng is insufficient in weather resistance, fastness to boiling water, chemical resistance and the like. Even 
if a crosslinking agent is tried to be blendeo with said coating composition, an aoditional problem of poor 
compatibility woulo t»e inevitabiy arisen from the high molecular weight of the polyester resin used. j> 

35 Therefore, the application of said lacker type paint composition is in fact confined In limited areas. 

An object of the present invention is therefore to provide a polyester binder which is compatible with a 
crosslinking agent An additional object of the invention is to provide a coating composition for coil coating 
use, which will give the coating with well balanced hardness and bending processabigties, as well as the 
characteristic properties possessed by polyester resin, and capable of being formulated as a high solids 

40 paint. 

The inventors, as the results of extensive studies, have found that if a melamine resin at least part of 
which is methyl melhylolatsd melamine (e.g. methyldl melamine methyl ether alone or a mixture of methylol . 
melamine methyl ether and methylol melamine butyl ether) or an Isocyanate compound is selected as a 
crosslinking agent and a combination of low molecular weight (up to number average moiecular weight 
45. 5000) linear polyester and a brarx:hed polyester is used as binder resins, a compatible blend can be ^ 
formulated and a high solids coating composition capable of resulting a coating with well balanced hardness 
and bending processabllity can be olrtained. On the basis of these findings, the present invention tias been 
made. 

Thus, according to the invention, is provided a coating composition for coil coating use consisting 
so essentially of 

(a) a binder component comprising a mfodure of a linear polyester resin and a branched polyester 
resin, having a hydroxyl value of 40 to 90. said linear polyester resin being composed of poiybasic acid 
component and polyhydric alcohol component consisting of trihydric and/or polyhydric alcohol (0 to I0wt% 
of the solid matter) and dihydric alcohol and having 1.8 to 2.2 hydroxyl groups per molecule and a number 
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average moiecuiar wei^ of 1000 to 5000, and said branchBd polyester resfn being composed of polybasic 
add component and pdyhydric alcohol component consisting of trihydrfc and/or tetrahydric alcohol (3 to 40 
weight% of the solid matter) and dihydric alcohol, and having 2.3 to 4.5 hydroxyl groups per molecule^ and 
(B) a crossilnking component consisting of melamine resin, at least part of which is a methyl 

5 methylolated melamine, or isocyanate compound. 

The first polyester resin used in the present invention is an oil<*free linear polyester resin composed of 
polybasic add component and polyhydric alcohol component the pofyhydnc alcohol component consisting 
of substantial amount of dihydric alcohol and a small amount (0 to 10 weight % of the solid matter) of 
trihydric and/or tetrahydric alcohol, having 1.8 to 2.2 hydmxyl graups per molecule and a number average 

10 molecular weight 1000 to 5000. By the employment of this type of polyester resin, entanglement of resinous 
molecules and physical crosslinldng are of use in giving improved hardness, weather resistance and 
fastness to boiling water of the coating, and easy unraveling properbes of the entangled molecules, sliding 
properties and stress relaxation are believed to be of use in giving Improved bending prc>perties and low 
temperature impact strength. \/Vhen the hydroxyl groups are less than 1.B per molecule, there remains a 

IS considerable number of un reacted chains, which will cause the decrease in weather resistance of the 
coating, whereas if the hydroxyl groups exceed over 2J2, per molecule, there will cause the decrease in 
sliding properties and hence ^e desired bending properties. 

The numt)er average molecular weight of said linear polyester resin should be in a range of 1000 to 
5000, and preferably 2000 to 4O00. This is because, in the combination of said resin with the specified 

20 crosstinictng agent and branched polyester restn, if the number average moiecuiar weight of said linear 
polyester is less tiian 1000, it is unable to expect the desired bending processabiltiy, and if it exceeds over 
5000, it is unable to have a high solids coating composition and the desired compat'bUHy with the selected 
crosslinking agent. 

The second polyester resin used in the preserrt invention is a branched, oil-free polyester resin 
25 composed of polybasic acid component and poiyhydric alcohol component consisting of trihydric and/or 
tetrahydric alcohol, the hydroxyl groups number per molecule, being 2.3 to 4.5. By the selective use of this 
type of bnainched poiyaster resin, hardness, weather resistance and fastness to boiling water of the coating 
are greatly improved because of the Increase In chemical crosslinking between the functional groups 
contained therein. 

30 If the hydroxyl group number is less than 2.3, it is unable to obtain the desired hardness and weather 
resistance of the coating, v^reas the preparation of tiranched polyester resin having more than 4.5 
hydroxyl groups per molecule is very difficult to do« 

In the preserrt invention, the abovementioned linear polyester resin and brancheo polyester resin are 
mixed togetner so as to give a hydroxyl value of 40 to 90. This is because, if the hydroxyl vaiue of the 
35 mixed resin is less than 40, the formed coating is too soft to the objects of the invention, and if it exceeds 
over 90, the coating is too hard. 

As to the number average molecu^ weight of said branched polyester resin, it is not so critical to the 
object of tiie invention and is approriateiy selected in a common range of about 800 to 4000. 

The present branched polyester resin may be modified with a lactone of the formuia: 



wherein n Is an Integer of 4 to 10> thereby gi^ng softness to the branched poiyester resin and increasing 
crosslinking density of the cured coating, if desired. Said lactone may be used in an amount of 0 to 40 
weight% of the resin soBd. Further more, in tfie present Invention, efther or both of the attovementioned 
linear ano branched poiyester resins may be modified v«th an alkyleneimrne as. for example. N-(2-hydroxy 
etiiyl) ethyleneimine (HEQ) to improve pigment dispersion properties of the resin composition. 

As already stated, the most characteristic feature of the invention resides in the point that the 
abovementioned resin composition is used as a binder component together wHh a crosslinking agent 
selected from the group consisting of a melamine resin at least part of which is methyl methylolated 
meiamine, and an isocyanate compound. 

Contrary to our expectations, number average molecular weight of the linear polyester resin to be 
blended with a branched polyester resin could be markedly lowered when the abovesaid particular 
compound was selectively used as a crossGnking agent 

At present the exact reasons have not been fully understdod. but the following are presumed to be one 
of the grounds thereot 
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That is, when said crosslinking agent is seiected^ differing from the case with butylaled meiamine, the 
self condensation of the crossfinking agent is prevented and the resin and the crossKnidng agent are 
reacted with each other In alternative order to give a soft, cured coating. 

Lowering of the molecular weight of the polyester resin contributes to the improvement in the 
5 compatibility of said resin with a crosslinlcing agent and to the formation of a high solids coating 
composition. Employmeht of said poJymer blend can result well balancec properties of hardness and 
bending processabinty, and employment of said crosslinkcng agent far improvements in weather resistance, 
fastness to boiling water, chemical resistance and marl<er stain resistance of the coating- Thus, the present 
composition Is very useful as a resinous vehicle of a coil coating paint composition. 
70 As to the blending ratio of the abovemsntioned polyester resins, it is selected in a wider range 
depending on the application desirec. The polyester blend is preferably compounded with the abovemen- 
tioned crosslinking agent in a weight ratio (as sond) of 5fB5 to 50/50, most preferably 20)80 to 35/65. 

The present coating composition Is usually applied on a steel plate or the like by coil coating means 
and baked. In most cases, at 180 to 250"C fcwr 30 seconds to 2 minutes to give a coating with excellent 
75 properties with respect to hardness, bending properties, weather resistance, gloss, coin scratoh resistance, 
fastness to boiBng water, chemical resistance and marker stain resistance. 

The invention shall be now more fully explained In the following Examples. Unless otherwise being 
stated, ail parts and % are by weight - r 

so • 

Synthetic Example 1 

Preparation of linear polyester resin (A) 

25 Into a 2 liters reaction vessel fitted with a stirrer, a fractionating column, a nitrogen gas inlet tube and a 
thermometer, were placed 140*9 parte of terephthalic acid, 495.5 parts of adipic acid, 135.9 parts of 
ethyleneglycoK 227.8 parts of neopentylglyco! and 2 parts of dibutyf tin oxide and the mixture was heated. 
At the stage when it was reached to a stirrable condition, stirring was commenced to start and the 
temperature was raised to 240*C. At that time, from 160**C to 240*'C, the temperature was raiised at a 

30 constant speed tn 3 hours. The raction water formed was continuously distined off through the fracdonating 
column out of tiie system. When the temperature was reached to 240 'C, the mixture was maintained at 
said temperature and stirred for 1 hour. Thereafter, the fractionaiing column was stopped from working, 
xylene was added and the mixture was further reacted under refluxing conditions. When the acid value of 
the reaction product was reached to about 2.0, the reaction was overed ano the mixture was allowed to 

35 cool. After cooling, 214 parts of xylene and 214 parts of Cellosolve acetate were added to obtain an oH-free 
polyester resin solution A-(D . Analysis showed that it had a solid content of 70.4%, a viscosity (Gardner 
bubble viscometer, 25^*0) of Y and contained polyester resin having a number average molecular weight of , 
-5,000, a hydroxyl value of 21, an average number of hydroxy I groups per molecule of 13 and an acid value K. 
of 2.1. 



40 
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Synthetic Examples 2 to 5 

Following the procedures of Synthetic Example 1 but using the materials shown iri Table 1, various 
linear polyester resins were prepared. However, in these Examples, a light modification was made as 
follows. That is. In tiie cases of the resins A- ^ and A-®, the condensation reactions were stopped at the 
stage when the add value (AV/IMV) was reached to 7.0 and 5.0, respectively, and the reaction mixture was 
allowed to cool to.90*C. While keeping the temperature at 90*C, 7.0 parts (in the case of A- ®) and 4.3 
parts ( in the case of A- ®) of N-(2-hydn5xyethyl)ethylenelmine (HEB) were added and the mixtures were 
reacted for 1 hour and then diluted with a mixture of 269 parts of xylene and 2S9 parts of Cellosolve 
acerate, respectively. The characteristics of these resin varnishes are shown in Table 1. 
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Synthsiic Example 8 . 

Preparation of branched polyester resin (B) 

Into a similar reaction vessel as used in Synthetic Example 1. were placed 373.9 parts of isophthaltc 
acid, 85.6 parts of hexahydrophthalic anhydride, 94.6 parts of 1 .6-hexanediol, 81.1 parts of neopentylglycoi, 
103.6 parts of trimethytol propane, 229.7 parts of Carduia E*10. and 2 parts of dibutyl tin oxide and the 
mixture was heated. At the stage when it was reached to a stirrable condition* stirring was commenced to 
start and temperature was raised to 230^0. At that time, from 195^*0 to 230*C, temperature was raised at a 
constant speed in 2 hours. Thereafter, the reaction was continued as in Synthetic Example 1 until the acid 
value of the reaction product was reached to about 3.0. After cooling to lSO'^C, the mixture was added with 
31.5 parts of phthalic anhydride and reactad to obtain an oii^ee polyestar resin solution. The characteris* 
lies of thus obtained varnish are shown In Table 1. 



Synthetic Example 7 

into a similar reaction vessel as used in Synthetic Example 1, were placed 274.0 parts of isophthatic 
add, 255 parts of hexahydrophthalic anhydride. 178.3 parts of 1 ,S-hexanediol, 157.1 parts of neopentyl- 
glycol. 61,5 parts of trimethylol propane, 73.8 parts of caprolactam and 2.D parts of dibutyl tin oxide and the 
mixture was reacted as in Synthetic Example 1 until the resinous acid value was reached to about 15. After 
cooling, the mixture was added with 269 parts of xylene and 269 parts of Cellosolve acetate to obtain a 
resin varnish. The characteristics of thus obtained varnish are shown in Table 1 . 



Synthetic Example 8 

Repeating the same procedures as stated in Synthetic Bcample 7 but using the materials shown in 
Table 1. an cnhfree polyester resin varnish was prepared, whose characteristics were also shown in Table 1. 



Into a similar reaction vessel as used in Synthetic Example 1, were placed 288.1 parts of isophthalic 
acid, 67.1 parts of hexahydro phthalic anhydride. 94.6 parts of neopentylglycol, 124.9 parts of trimethylol- 
propane, 182.9 parts of Carduia E-10 and 207.2 parts of £ -caprolactam and the mixture was reacted as in 
Synthetic Example 1 . As soon as the resinous acid value was reached to aix^ut 7.0, the reaction was 
stopped and the reaction mixture was allowed to cool to 140''C. 35.3 parts of phthalic anhydride wer^ 
added and the mixture was further reacted to obtain' an oihfree polyester resin varnish. Tiie characteristics 
of thus obtained varnish are shown In Table 1. 



Synthetic Examples 10 to 12 

Repeating the same procecures as stated in Syn^tfietic Example 1 but using the materials shown in 
Table 1, branched polyester resin vamishes were prepared. The characteristics of thus obtained varnishes 
are shown in Table 1. 



. Syntfietic Example 9 




0 257 144 



75 



Synthetic Example 13 

Preparation of Comparative resin v^ish C- 



5 Into 2 liters reaction vessel which was similar to that of Synthetic Example 1 and was connected to a 
vacuum pump, were placed 244.9 parts of terephthafic acid, 244^ parts of isophthalic acid, 298.3 parts of 
sebacic acid. 138.4 parts of ethyleneglycol, 232.4 parts of neopentylglycol . 2 parts of bibutyl tin oxide and 
2 parts of antimony trioxide and the mixture was reacted at 170 to 250*'C. After completion of the 
esterification reaction, polycondensaliQn reaction was carried out under reduced pressure of 0.5 to 1.0 

70 mmHg to obtain a high molecular weight linear polyester resin. The characteristics of thus obtained resin 
varnish are shown in Table 1. K^ooo JL^ ./v^V -A X^O tO:L%^ 



Synthetic Example 14 

Preparation of Comparative resin varnish 



Repeating the same procedures as stated in Synthetic Example 1 but using the materials sliown in 
Table 1. a low molecular weight linear polyester resin vamish was prepared. The characteristics of said 
20 resin vamish are shown in Table 1. <lA-^ ^, ci^OzX 

Synthetic Example 15 

25 Preparation of Ccxnparathfe resin vamish 

Repeating the same procedures as stated in Synthetic Example 1 but using the materials shown in 
Table 1, a linear polyester resin vamish was prepared. The characteristics of thus obtained vami^ are 
shown in Table 1, / ^^^f ^^;if ^^Aj^^ ^ ^ ^rOZ,^ 

30 

Syndetic Bcamples 16 and 17 

Preparation of Comparative re^n varnishes C-©and C-® Jf .^.^ /jL^ 

35 ^-"dis-^f" 

Repeating the same procedures as stated In Synthetic Example 1 but using the materials shown in 
Table 1. branched polyester relsn varnishes were prepared. The characteristics of these varnished are . 
shovm in Table 1. 

In the following Example, a number average molecular weight of a polyester resin Is calculated by the 
40 equation: (as prescribed in "A guide to synthetic resins for coating use" written by Kyozo KItaoka, published 
by High Molecular PubllsNng Associate, page 101) 

M , W 



45 (ma + mb) - (1 - .3—5 ) - + ^g^^^^q^ 

wher^n 

a : intramolecular reaction rate % firi case of phthalic anhydride — 4.0) 
W : weight of final resin 
ma : number of moles of acid in the final resin 
mb : number of moles of alcohol charged 
eaa : equivalent of acid charged 
eai : equivalent of monobaric acid charged 
AV : acid value of final resin 
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Example 1 

A coil coating composition was prepared by kneading ihe following mixture in a bail mill for 24 hours. 
The oil-free polyester resins A* 0 and B- (g)used are shown in Synthetic Examples 1 and 6 respecthfeiy. 
s Formulation: 

70.4% linear polyester resin A--C) 71-4 parts 

65.0% branched polyester resin B-<g> 76.9 
80% methyl methylolated melamine 37.5 
titanium oxide 100.0 



10 
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3 \ 

p-toluene sulfonic acid solution * 6.5 



Modaflow ^) 0.3 
20 n-butanol 15^0 

Total 307*6 

25 1) Sumimal M-40S, norv-volatile content 80%, trade mark, Sumitomo Chem. Co, 

2) Titanium CR-91, trade mark, Ishthara Sangyo 

3) 20 wt% benzylalcohol solution> 

4) trade mark, Monsanto Com. Co. 

Thus obtained composition was added wifri a dilution tWnnen 1:1 (by weight) = Solvesso 150 : 
Isophorone 

to give a diluted composition having a viscosity of 120 seconds (Ford Cup #4. at 20 *C). 

The diluted coating composition was than applied on a galvanized steel having a thiickness of 0.3mm 
(JtS-G3302) previously treated with a zinc phosphate solution, to give a wet film thickness of 10 to 15a and 
the coated steel plate was baked at 230*C for 40 seconds. 

. The following tests were carried out wiih the coating composition and with the coaled piate. 



1) non-volatile content {%) of tine coating composition 

^ A coaling composition was diluted with a mixed dilution thinner fisophorone/Solvesso #150 = 1/1 
wt/wt) to a viscosity (#4 Ford cup. at 25*!C) of 120 seconds. An amount of said composition was taken and 
weighed, and after being subjected to a drying at lOS^C for 3 hours, the residual amount was again 
weighed and non-volatiie content of sad composition-was calculated tfierefrom. 
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2) gloss 

60* reflextion factor was ditermined by using ^Aurakami type GM-3H glossmeter. 

3) Pencil hardness 

Pencil hardness was determined by using a high quality pencil prescribed by JIS-S-6006 ^d following 
a standardized method of JIS-K-5400 
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4) bending properties 

A coated stsei was folced at 180*" and cracidng behavior at the bended portion was obsen/ed. 
2T, for example, stands for no cracking when two coated plates having the same thickness are bended 

5 



5) fastness to boiling water 

10 A coated plate was dipped in a boiling water for 8 hours, and the coating was then obsen/ed. 
O... good no good (generafion of blister) 



6) ch^ical resistance 

75 

0.5CC of 10% aq, H2S04 solution was dropped on a coated surface and the plate was maintained at 
20*C and under 75% relative humidHy (RH) condition for 24 hours. Thereafter, the coating was washed with 
water and chemical resistance of the coaling was determined. 
O... good no good 

20 

7} marker stain reastance 

A red colored oil ink was applied on the coating (in Q.5x2cm area) and after leaving It at 20^ C for 24 
ss hours, the inked area was scrubbed wrth a gauze Impregnated with methanol and observed the degree of 
stain 

O^. good no good 



30 8) weather resistance 

Gtoss retention (%) was measured after 2000 hours* IrradiaHon in Sunshine weather-O-meter. 
The test results are shown in TatAB 2. 

Example 2 and 3 

Using the Finear polyester resins A- ® and A-® and tiie branched polyester resins B-® and B-<2>p - 
the same procedures as stated in Example 1 were repeated to obtain coating compositions. The respective 
<o coating composition was diluted, applied on the similar galvanized steel» baked and tested as in Exannple 1. 
The test results are shown in Table 2. 



Bcample 4 

A coil coating composition was prepared by using the oil-free polyester resin A- ® and B- <S) obtained 
In Synthetk: Bcamples 4 and 9, m\6 foQowing the dispersion IbmriulaSon (1) and soit^on formulation (2) 
hereinunder stated. 
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Dispersion formulation (1) 

65.2% linear polyester resin A-® 46.2 parts 

5 

titanium oxide 100.0 

n-butanol 15.0 

70 Total 161.2 

Solution formulation (2) 
Dispersion paste 

76 

(of dispersion formulation (1)) 161.2 parts 

65.0% t>ranched polyester resin B-<D 108 
^ 80% methyl methylolated melamine 37.5 

p-toluene sulfonic acid solution 6.5 

Modaflow Q*3 

Total 273.0 



25 



Thus obtained coating composition was diluted, applied on a gaivanlzed steel previously treated with a zinc 
phosphate solution and tjaked as in Example 1. 

The same tests as stated in Example 1 were carried out and the test results were shown In Table 2. 

Examples 5 and 6 

Using the oil-free polyester resins A-® and B-® otrtained In Syndetic Examples 4 and 10 in 
Example 5, and the oiHtee polyester resins A-t§) and B-® obtained in Synthetic Examples 5 and 8 In 
Example 6, the same procedures as stated in Example 4 were repeated to obtain coating compositions. 
They were diluted, applied on galvanized steel piates previously treated wi^ a zinc phosphate solution, 
baked and tested as In Example 1 . The test results are shown in Table 2. 

Examples 7 and 8 

Using the oil-free polyester resins A- ® and B- ® otrtained In Synthetic Examples 2 and 1 1 in 
Example 7 and the oil-free polyester resins A-® and B-® obtained In Synthetic Examples 3 and 12 in 
Example 8, together with an amount of nriethyl methylolated melamine shown In Table 2, the same 
procedures as stated in Example 1 were repeated to obtain coating compositions. They were diluted, 
applied on galvanized steel piates previously treated with a zinc phosphate solution, baked and tested as in 
5Q Example 1. The test results are ^own in Table 2. 
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Example 9 

A coil coating composition was prepared by using the oil-free polyester resins A- CD aind B-© obtsdned 
in Syntiietfc Bcampies 1 and 6 and Fallowing the prescription metnioned below: 

5 

70,4% linear polyester resin 85.2 parts 

65.0% branched polyester resin B-^ 61.5 
80% methyl methylolated melamine 25.3 
60% butyl methylolated melamine -^^15 
titanium oxide 100 

75 

p-toluene suf Ionic acid soltion 3.0 

Modaflow 0.3 ( 

^ n-butanol 15.0 

Total 306.3 

1) ... Super Beckamine J-82U-60, trade mark/ Dainippon Ink 

25 

Chem. Ind. Ltd.r non-volatile content 60% 

Thus ot>tained coating composition was diluted, applied on a galvanized steel plale previously treated with a 
zinc phosphate soltitfon, l:>aked and tested as in Example 1. The test results are shown in Table 2. 

Example 10 

Using the oiHree polyester resins A- ® and B- ® obtained in Synthetic Examples 2 and 7 and the 
^ melamine resins shown in Example 9, the same procedures as stated in Example 9 were repeated to obtain 
a coating composition. The composition was diluted, applied on a gaivanizeo steel plate previously treated 
with a zinc phosphate solution, balced and tested as in Example 1. 

The test results are shown in Table 2. 

40 
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Example 11 

A coil coating composition was prepared by using the oil-free polyester resins A- ©and B- ©obtained 
in Synthetic Examples 2 and 1 1 and fallowing the prescriptions shown below» 

5 

Dispersion formulation (1) 

70*2% linear polyester resin A-© 42.7 parts 
titanium oxide lOO^O 



IS 



20 



25 



3D 



Total 142.7 

Solution formulation (2) 
Dispersion paste 

(of disperion formulation (1)) 142.7 parts 

70.2% linear polyester resin A-(D 71.2 

6 5.2% branched polyester resin B-(Q) 30.7 

Sumidule N-75 16.0 

dibutyl tin dilaurate 0.02 

Modaflow 5 



Total 261.1 

35 1)... 75% aliphatic polyisocyanate in 1:1 Cellosolve 

acetate/xylene, trade mark, Sumitomo Bayer Urethane K.K. 

*Thus obtained coating composition was diluted, applied on a galvanized steel piste previously treated with a 
40 zinc phosphate solution, baked and tested as in Example 1- The test resuHs are shown in Table 2. 

Comparative Examples 1 to 9 

45 Comparative coating compositions 1 to 9 were prepared by using fte same procedures as stated in 
Example 1 and the materials shown in Table 2. They were diluted, applied on a galvanized steel plate 
previously traalBd with a zinc phosphate solution, baked and tested as in Example 1. The test results are 
also shown in Table 2. 
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Table 1 



( 



154.7 195.7 
341.5 220.7 



linear type polyester resin 

Synthetic Example .1 2 3 4 5 

oil~free polyester resin A-(J) A-<D A-® AH© A-© 

Composition and characteristics 
resin raw materials 

1. terephthalic acid 140.9 373.0 137.1 

2. isophthalic acid 

3. phthalic anhydride 

4. adipic acid 495.5 482.5 85.0.122.3 
5- azelaic acia 147.0 

€• sebacic acid 147.0 

7. hexahydro phthalic anhydride 

8. ethyleneglycol 135-9 124.0 91.1 

9. 1 , 4-butanediol 132.1 

10. 1, 6-hexanediol 242,0^ 

11. neopentyl glycol 227.8 209.0 153.2 348.8 176.0 
12- trimethylol propane 4-0 77.8 43-3 

13. pentaerythritol 

14. Cardura E-10 

15. g-capr.olactone(n=^5) 

16. phthalic anhydride 
(for later charge) 

17. 2-hydroxyethYl 

ethyleneimine (HEKI) . "'•^ 



12 




13 



m • 
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Table 1 (continued) 



branched type polyester resin 

Synthetic Example 6 7 8 9 10 

oil-free polyester resin B-© B-<2) S-® B-(D BH^ ' 

Composition and characteristics 

resin raw materials ^ 
!• terephthalic acid ' 

2. isophthalic acid 373-9 274.0 455.5 288.1 205.7 

3. phthaliG anhydride 

4. adipic acid 120-6 

5. azelaic acid 

6. sebacic acid 

7. hexahydro phthalic anhydride 85,6 255.2 67.1 

8. ethyleneglycol 

9. 1, 4-butanediol 

10. 1.6-hexanediol 94.6 178.3 119.9 { 

11. neopentyl glycol 81.1 157.1 160.0 94.6 156.6 

12. trimethylol propane 103.6 61.5 52.1 124.9 116.8 

13. pentaerythritol 

14. Cardura E-10 229.7 182.9 

15. £-caprolactone(n=5) 73.8 212.5 207.2 400*0 -^ 

16. phthalic anhydride .31.5 35.3 
(for later charge) 

17. 2-hydroxyethyl 
ethyleneimine (HEEI) 
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Table 1 (continued) 



branched type polyester regin 



70 



75 



20 



25 



30 



40 



50 



55 



Synthetic Example 
oil-free polyester resin 
Composition and characteristics 

resin raw materials 
!• terephthalic acid 

2. isophthalic acid 

3. phthalic anhydride 

4. adipic acid 

5. azelaic acid 

6. sebacic acid 

7. hexahydro phthalic anhydride 

8. ethyleneglycol 

9 . If 4-butanediol 

10. 1 r S-hexanediol 

11. neopentyl glycol 

12. trimethylol propane 
13 • pehtaerythri tol 

14. Cardura E-10 

15. £-caprolactone (n=5 ) 

16. phthalic anhydride 
(for later charge) 

17 . 2-hydroxyethyl 
ethyleneimine (HEED 



11 12 



303.9 365.6 



178.2 214.4 



62.8 207.3 
55.4 182.8 



399.7 



30.0 



16 
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Table 1 (continued) 

IS 

branched type polyester resin 

Synthetic Example H 12 

oil-free polyester resin 
25 Composition and characteristics 
resin specifications 
a. number average molecular weight 800 4r000 

30 

b- OH value 315 . 32 

c. average OH number per molecule 4.5 2«3 

35 d, trivalent/tetravalent alcohol (wt%) 39.9 3.0 



e» 6-caprolactone (wt%) 
characteristics of resin 



0 0 



40 

A* non-volatile content (%) 65.2 65.1 

B. viscosity (25*C Gardner) ^1 

c. acid value (AV/NV) 10-0 10- 
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Table 1 (continued) 



comparative resxn 

Synthetic Example 13 14 15 16 17 

oil-free polyester resin C-© C-^ C-© 

Composition and characteristics 

resin raw materials / 

1. terephthalic acid 244.9 

2. isophthalic acid 244.9 317.0 284.6 166.5 247.6 

3. phthalic anhydride 104.9 147.2 

4. adipic acid 278.9 250.4 97.6 145.2 

. 5, azelaic acid 
6- sebacic acid 298.3 

7. hexahydro phthalic anhydride 

8. ethyleneglycol 138-4 150.8 134.3 

9. 1, 4-butanediol 

10. 1 r 6-hexanediol 1 

11. neopentyl glycol 232.4 253.4 225.8 114.7 100.2 

12. trimethylol propane 118.6 113.7 

13. pentaerythritol 24 6.1 

14. Cardura E--10 

15. S-caprolactone (n=5) 

16. phthalic anhydride 
(for later charge) 

17. 2-hydroxyethyl 
ethylene imine (HEEI) 
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Table 2 



Example 


1 


2 


3 


4 


5 


6 


resin formuLa 














linear type polyester 














resin 






A-® 








solid 


50 


50 


30 


30 


30 


50 


branched type polyester . 














resin 






B-® 




ft/ft 




solid 


SO 


50 


70 


70 


70 


50 


OH value of blend 


56 


50 


52 


65 


87 


74 


methylolated melamine 














resin (solid) 


30 


3D 


30 


30 


30 


30 


butylated melamine (solid) 














MeMF/BuMF (solid) 














isocyanate (Sumidul N-75) 














Test results 














non-volatile content (%) 














of coating composition 


70.8 


70-5 


70.5 


70.6 


70.1 


70.6 


gloss 


91.2 


89.5 


92.0 


90.1 


88.9 


90.1 


pencil hardness 


2H 


2H 


2H 


2H'-3H 


3H 


2H 


bending properties 


2T 


2Tr-3T 


3T 


3T 


3T 


3T 


fastness to boiling water 


O 


O 


o 


O 


o 


o 


chemical resistance 


o 


O 


o 


O 


o 


o 


marker stain resistance 


o 


O 


o 


O 


o . 


o 


weather resistance 


82 


85 


8U 


82 


79 


80 



20 
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Table 2 (continued) 



example 
resin formula 

linear type polyester 

resin 

solid 

branched type polyester 
resin 

isolid 

OH value of blend 

me thy lo la ted melamine 

resin (solid) 

butylated melamine (solid) 
MeMF/BuMF (solid) 
isocyanate (Sumidul N-75} 
Test results 

non- vo la t ile conte nt ( % ) 



10 



11 





A-(D 






A-(D 


90 


80 


60 


40 


80 






B-(D 




B-O 


10 


20 


40 


60 


20 


63 


42 


49 


52 


89 




of coating composition 


70. 


2 


71.2 


70.1 


70.2 


71.3 


gloss 


90. 


2 


90.5 


88.6 


88.3 


90.2 


pencil hardness 


2H 




3H 


2H 


2H 


2H 


bending properties 


1T'^2T 


3T 


2T 


3T 


2T 


i'astness to boiling water 


O 




O 


O 


O 


O 


chemical resistance 


o 




O. 


o 


O 


O 


marker stain resistance 


o 




O 


o 


O 
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weather resistance 
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82 


80 


81 


85 
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Table 2 (continued) 



Comp • £ xamp le 
resin formula 

linear type polyester 
resin 
solid 

branched type polyester 
resin 
solid 

OH value of blend 
methylolated me lamina 
resin (solid) 

butylated melamine (solid) 
MeMF/BuMf ( solid ) 
isocyanate {Sumidul N-75) 
Test results 

non-volatile content ( %) 

40 



45 



50 



55 



75 



20 



2S 



30 



35 



40 

60 
58 

30 



40 

B-C) 
60 

88 
30 



20 

B-d) 

80 

50 

30 



80 20 
20 80 



35 



113 



30 30 



of coating composition 


55.7 


70.3 


70.1 


70.3 


70.3 


gloss 


63.2 


88.4 


89.2 


88 . 3 


85.3 


pencil hardness 
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2H 


2H 


2H 


2H 


bending properties 


IT 


6T 


3T 


2T 


6T~7T 


fastness to boiling water 
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X 


X 


X 
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chemical resistance 


X 
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X 


X 
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marker stain resistance 
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X 


X 


o 


weather resistance 


62 


50 


42 


43 


69 
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Table 2 (continued) 

5 





Comp. Example 


6 


7 


8 


9 


70 


resin formula 












linear type polyester 
resin 




ahD, 




A-(4: 


75 


solid 


40 


100 




80 


20 


branched type polyester 
resin 












solid 


60 




100 


20 




OH value of blend 


84 


45 


64 


81 


25 


methylolated melamine 












resin (solid) 


30 


30 




30 


30 
35 


butylated melamine (solid) 
MeMF/BuMF (solid) 
isocyanate (Sumidul N-75) 
Test results 

non-volatile content(%) 










40 


of coating composition 


7n ^ 
/ u • o 






65.3 




gloss 


87.2 


80.2 


88.1 


* 




pencil* hardness 


HB 


2B 


3H 


2H 


45 


bending properties 


2T 


IT 


10T< 


3T 




fastness to boiling water 


O 


K 


O 


X 


50 


chemical resistance 


O 




O 


X 




marker stain resistance 


O 


X 


O 


X 


55 


weather resistance 


78 


45 


79 


62 



*.«..loss in gloss 
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daims 

5 

1. A coating composition for coil coating use consisting es^ntialiy of 

(A) a binder component , comprising a mixture of a linear polyester resin and a branciied polyester 
resin, having a hydroxyl value of 40 to 90, said linear polyester resin being composed of polybasic acid 
component and polyhydric alcohol component consisting of tilhydrtc and/or tetrahydric alcohol (0 to 1 0 wt% 

70 of the solid matter) and dihydric ateohol. and having 1.8 to 2^ hydroxyJ groups per molecule and a number 
average molecular weight of 1000 to 5000. and said branched polyester resin being composed of polybasic 
acid component and pdyhydric alcohol component consisting of trihydric and/or tetrahydric alcohol (3 to 40 
wt% of the solid matter) and dihydric alcohol, and having Z3 to 4.5 hydroxyJ groups per molecule, and 

(B) a crossiinking component consisting of melamine resin, at least part of which is a methyl 
75 methylolated melamine. or Isocyanate compound. 

2. A composition according to claim 1 wherein the branched polyester resin Is modified wrth a lactone 
of the formula: 



20 



wherein n is an integer of 4 to 10. 
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